Introduction
Latvian legislation concerning calculation methods for building heat energy use were approved in 13 th January 2009. It is called "Calculation method of building energy efficiency". This calculation method basically is unsuccessfully translated ISO 13790:2008 standard. For all building types one method has to be used. The main building stock in Latvia is apartment buildings, which were built in period from 1950 till 1990. The heat gains during heating season in these buildings are quite similar. It would be reasonable to simplify calculation method of heat gains for these buildings, but instead in the approved Latvian calculation method heat gains of each building have to be calculated by using 67 equations in ISO 13790:2008 and several more in other ISO standards. The aim of this study was to simplify heat gain calculation method coming down to one equation for Soviet time apartment buildings in Latvia. Building heat energy needs are calculated considering two factors -heat losses and heat gains
Not all heat gains, which occur in building or come as solar radiation, can be used. That is why heat gain utilization factor (η) is needed. It shows the part of heat gains that are used usefully to cover heating needs. Heat gain utilization factor is influenced by the building heat inertia, the amount of heat gains and heat losses. The less heat losses (better insulated building) the less heat gains can be used usefully to cover space heating needs.
Simplification of heat gain calculation
There are five types of heat gains that have to be taken into account when calculating the total amount of heat gains in a building:
• Heat gains from solar radiation, • Heat gains from human metabolism, • Heat gains from lighting, • Heat gains from other electrical appliances, • Heat gains from hot water system.
In this study more than 350 energy audits that have been carried out for Soviet time apartment buildings in Latvia were analyzed [3] . In these energy audits all five types of heat gains were calculated separately, this gave the possibility to establish the amount of each type of heat gains and the changes of these heat gains. Each type of heat gains has an indicator that best fits to it (for instance, for heat gains from human metabolism the best indicator is the amount of inhabitants in the building) but in this study it was essential to find an indicator that fits to all types of heat gains and that could be used for further development of the simplified heat gain calculation method. Studies showed that in Latvia it is possible to use W/m 2 as an indicator. Table I shows the heat gain results for studied energy audits. As can be seen from table I, the average total heat gains (Φ gains ) in studied buildings were 15 W/m 2 . The minimal value that theoretically could appear in practice is 7 W/m 2 and the maximal heat gains can rise up to twice the average amount. In most cases the minimal heat gain value is closer to the average value. After establishing the average heat gains in typical apartment buildings in Latvia, it is possible to use methodology described in ISO 13790:2008 to make a simplified calculation method for heat gains.
To calculate heat gain utilization factor parameters that describe the building envelope and other structure must be known. In Latvia all Soviet time apartment buildings have heavy constructions, this means that time constant of the building can be taken as τ heat =0.8 [1] . As shown in [1] 
T is number of days in a heating season an h is number of hours in a day. In this case T is taken for Riga [2] . As mentioned previously it is important to know how much heat energy a building is losing because it influences how much heat energy it can use from heat gains, i.e., heat gain utilization factor. After getting the proportion of heat gains and heat losses in a building by equation (4), it is possible to calculate heat utilization factor η by using equation (5). Because heat losses from a building envelope and ventilation system can be in a wide range, it is needed to make calculations for all this range. This was done with step of 10 kWh starting from 0 kWh/m 2 up to 500 kWh/m 2 (all Soviet time apartment building fit in this range). Heat gain utilization factor depending from heat losses in a building is shown in fig. 1 . It can be seen in fig. 1 that heat gain utilization factor for buildings that are poorly insulated is in the range of 0.8 -0.9, but for well insulated buildings it can be as low as 0.1 -0.3 (Only 10 to 30% of heat gains can be usefully used in well insulated buildings). For typical apartment buildings heat utilization factor is in the range of 0.6 -0.85. By multiplying heat gain utilization factors from fig.1 with the result of equation (3) it is possible to get the resulting heat gains that are used usefully in a building to cover space heating demand. The result of this calculation is given in fig. 2 .
Fig.2. Heat gains (kWh/m
2 ) that are used in a building to cover space heating demand It can be seen from fig.2 that heat gains that are used to cover space heating needs for well insulated apartment buildings are in range of 30 to 40 kWh/m 2 per year, but in badly insulated buildings about 60 kWh/m 2 per year are used. This also means if you insulate an old building it will decrease its heat losses but in the same time heat gains will be used less. This is why simple calculations where only heat loss part of a building to calculate the heat energy savings is viewed give wrong answers. This is quite common practice in Latvia when only heat transfer equations are used to calculate heat energy savings. The equation in fig. 2 can be used for typical apartment buildings in Latvia to calculate heat gains that are used in a building. To simplify this calculation it is possible to do one more calculation. This calculation gives the possibility to see what would be buildings heat energy consumption if we know only the heat energy losses from a building. This calculation is done by subtracting the results shown in fig.2 from buildings heat energy losses Q losses . Fig.3 shows the results of this calculation. Fig. 3 shows that heat energy losses and heat energy consumption of a building can be described as a linear function (see equation (6)). In fig.3 it can be seen that the equation (6) is valid in range of Q losses from 50 to 500 kWh/m 2 . This equation was acquired by using data of Soviet time apartment buildings and therefore is valid only for these buildings, but the heat losses in these buildings during heating season are more than 50 kWh/m 2 . This means that the acquired equation is valid for all Soviet time apartment buildings. There are two factors that could strongly influence the precision of the acquired equation (6). These factors are:
• Heat gains (Φ gains ) that were taken as the baseline,
• The length of heating season. As previously described the theoretical minimal heat gains in this type of building according to reviewed energy audits could be 7 W/m 2 , but the maximal -29,8 W/m 2 . It has to be said that these are the theoretical values that could be achieved if all needed conditions are met. In the reviewed energy audits the minimal total heat gains were 11.2 W/m 2 and the maximal were 21.3 W/m 2 . Fig. 4 shows the results of previously described calculations if the heat gains are 7, 11.2, 15, 21.3 and 29.8 W/m 2 .
Fig.4. Heat energy consumption of a building with different het gains
The average heat losses (Q losses ) in Latvia in apartment buildings are 235 kWh/m 2 . Table II shows the results of calculation for a building whose heat losses during heating season are 235 kWh/m 2 per year. The results of proposed method and length of heating season are lineary connected. This means that if our building is situated in Liepāja the error of calculation will be no more than 5% and in Alūksne no more than 5,1%. This error is acceptable and the proposed new method for calculating heat losses in buildings can be used all over the territory of Latvia.
Results and discussion
Thanks to this study it was possible to acquire an easy and simple calculation method for Soviet time apartment buildings that are the biggest building stock in Latvia. The offered calculation method consists of one linear equation: Research showed that in real life this method will give an error no more than 8,9% (the theoretical possible worst conditions could give an error of 18.9%).
Considering that in the existing methodology that is described in Latvian legislation for calculation of heat gains at least 70 equations have to be used it would be safer to use the new method, because there are way too many assumptions to be made in existing methodology to get the resulting heat gains (experience shows that these assumptions are imprecise and can correspond for big errors). One of the main advantages of the new calculation method is that it is far more easier and faster to use than the existing calculation method.
Some further analysis, which was done in this study showed that it is necessary to continue work on this subject because it seems that there is a possibility to expand the new methodology for all types of buildings in Latvia.
